Abstract
58
It has been observed that the uptake of glucose by bovine COCs is mainly directed 59 towards the production of lactate due to a high glycolytic activity, however, it is known that 60 glucose can also be oxidized in the PPP as well (reviewed in Sutton et al. 2003) . In pigs, a 
69
In somatic cells, the major regulatory point of the PPP is at the glucose 6-phosphate 
79
The PPP has two main metabolic goals: produce NADPH for reductive synthesis 80 and/or yield ribose 5-phosphate as a nucleotide precursor. The NADPH produced by the 81 PPP is important in preventing oxidative stress throughout the glutathione and the 82 thioredoxin systems, and thus regulating the redox intracellular state (Tian et al. 1998 ). The isocitrate dehydrogenase and the malic enzyme, however it has been demonstrated that in 87 cell lines deficient in G6PDH, the activity of these enzymes are not enough to replace the 88 PPP production of NADPH (Pandolfi et al. 1995 Immature COCs were divided into four groups for IVM in the media described 
216
The cumulus cells were removed mechanically by repeated pipetting in PBS with 1 217 g L -1 hyaluronidase before the zona pellucida was dissolved with 5 g L -1 pronase for 1 min. Nikon, Kanagawa, Japan). Images were taken only at the equator of the oocyte, then 226 analyzed using the Adobe Photoshop CS2 (version 9, Adobe Systems Inc.).
227
Both red and green fluorescence emission intensities were determined in four 
230
The oxidative activity was calculated as the sum of the average red fluorescence 231 intensity in the three areas of the same oocyte. The mitochondrial activity was calculated as 232 the sum of the average green fluorescence intensity in the three areas of the same oocyte.
233
Ratios of green fluorescence intensity between the central area (3) and the cortical area (1)
234
were then calculated to compare the distribution of active mitochondria. (Fig. 2 c) . Since the gonadotrophins might be masking the effect induced by 261 NADP, the experiment was repeated without hormonal supplementation. However, meiotic 262 maturation and COC PPP activity remained unaffected (Fig. 2 d) .
263
Glucose uptake and lactate production 265 The addition of 6-AN to the maturation media induced a dose dependent inhibition 266 on glucose uptake by COCs (p<0.05). Lactate production diminished around 50% in the 267 presence of 6-AN at all concentrations assessed (p<0.05; Fig. 3 a) .
268
The addition of NADPH or NADP did not modify the glucose uptake and the lactate 269 production by COCs (Fig. 3 b and 3 c) . Nevertheless, NADP at the highest concentration 270 produced a rise in both glucose uptake and lactate production when it was added in the 271 absence of gonadotrophins (p<0.05; Fig. 3 d) . in the blastocyst rates obtained without hormonal supplementation (Fig. 4 b) . NADPH treated oocytes (p<0.05), which remained blocked at the GV or MI stages (Table   294 1 ; Fig 1 c) . In the presence of NADP, oocytes were equally as capable of reaching 295 metaphase II at 22 h of maturation with respect to control, so we did not pursue an analysis 296 of oocyte nuclear morphology with this treatment.
298
Oxidative activity of the oocyte
299
To determine the impact of the PPP activity in the COC on oxidative status within 300 the oocyte, denuded oocytes were stained with Redox Sensor Red to quantify oxidative 301 activity at different time points (0, 9, 15 and 22 h). In these experiments, 1.25 mM NADPH 302 and 5 mM 6-AN were used as levels known to be 50% of the inhibitory concentrations 303 observed for the PPP activity. Because NADP did not produce a significant increase in the 304 PPP activity, the concentration of NADP (12.5 mM) that increased glucose uptake by
305
COCs was used for this study.
306
Oocytes showed variation in the level of oxidative activity throughout maturation in 307 the control group (Fig 1 b) . Similar values were detected at 0 h and 9 h, but a remarkable 308 increase was registered at 15 h (p<0.05); then a decrease to a lower value was observed at points and using the same 6-AN, NADPH and NADP concentrations described in the 321 experiment above.
322
Mitochondrial activity changed in oocytes during maturation in the control groups,
323
following a similar pattern to that described for oxidative activity (p<0.05; Fig 6 a-c) . The with NADP completed their migration at 22 h (Fig 7 c) .
343

Discussion
344
The present study describes the effect of the addition of enzyme modulators of PPP 345 during bovine oocyte IVM on the pathway activity in COCs, oocyte maturation rate, and 346 the oxidative activity, mitochondrial activity and mitochondrial distribution of the oocytes.
347
The independence test between the proportion of COCs with measurable PPP 348 activity and oocyte meiotic maturation revealed that both are associated events. 
381
In the present study, the augmented glycolytic activity in the presence of NADP could be 
406
In contrast, the addition of NADP to maturation media changed the pattern of 
424
The inhibition of the PPP activity in COCs with 6-AN or NADPH also modified the Stojkovic, M., Machado, S., Stojkovic, P., Zakhartchenko, V., Hutzler, P., Gonçalves, P. 
